METHOD AND APPARATUS FOR 
IMPROVING^TENCIL/SCREEN PRINT QUALITY 

Field of the Invention 

ms invention relates generally to steneil and screen prints, and partieularly to 
improving the quality of such stencil and screen prints. 
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The material coating the bottom surface of the pattern, which is desirably a 
polymeric material, in accordance with an embodiment of the invention, has three 
advantageous aspects. First, it acts as a low surface tension layer to minimize printable 
material migration in order to provide better print definition* Second, it acts as a gasket 
layer to constrain the flow of the printable material. Third, it acts as a buffer layer to 
minimize the stencil height inconsistency caused by defects, such as burr, on the bottom 
of the stencil and the top surface of the substrate onto which the printable material is 
applied. 

A stencil or screen according to an embodiment of the invention therefore 
increases life of the stencil or screen. That is, consecutive prints can be made using a 
stencil or screen according to an embodiment of the invention without cleaning. This 
results in faster screen printing and reduces cost of the printing. Still other and further 
advantages, aspects and embodiments of the invention will become apparent by reference 
to the drawings and by reading the following detailed description. 

Brief Description of the Drawings 

FIG. 1 is a perspective view of a prior art lead frame suitable for use with a lead- 
on-chip (LOQ die; 

FIG. 2 is a perspective view of a prior art package lead-on-chip (LOC) die; 

FIG. 3 is a flow chart of a screen printing method for coating a wafer and dies 
with a patterned adhesive layer using a stencil according to one embodiment of the 
invention; 

FIG. 4 is a side view of the screen printing method of FIG. 3, illustrating the 
distinct layers of a stencil according to one embodiment of the invention in detail; 

FIG. 5(a) is a side view showing adhesive applied to a surface of a stencil 
according to one embodiment of the invention having a high surface tension; and, 

FIG. 5(b) is a side view showing adhesive applied to a surface of a stencil 
according to one embodiment of the invention having a low surface tension. 



Detailed Description of th Invention 

In the following detailed description of the preferred embodiments, reference is 
made to the accompanying drawings which form a part hereof and in which is shown by 
way of illustration specific preferred embodiments in which the inventions may be 
5 practiced. These embodiments are described in sufficient detail to enable those skilled in 
the art to practice the invention, and it is to be understood that other embodiments may be 
utilized and that logical, mechanical and electrical changes may be made without 
departing from the spirit and scope of the present invention. The following detailed 
description is, therefore, not to be taken in a limiting sense, and the scope of the present 

10 invention is defined only by the appended claims. 

The invention as it is described in conjunction with FIGs. 1-4, 5(a) and 5(b) is 
described in relation to the application of an adhesive layer onto a semiconductor die so 
that the die may be attached to a lead frame. Those of ordinary skill within the art, 
however, will appreciate that the invention is not limited to such an application. Any 

15 application that may be benefit from improved stencil or screen printing in accordance 
with the invention is amenable to the invention. For example, the printing of artwork on 
T-shirts, the printing of patterned nonconductive polyimide barriers for flip chips, the 
printing of conductive adhesive bumps or solder bumps, and the printing of conductive 
ink on flexible printed circuit board are also all within the scope of the invention. 

20 As those of ordinary skill within the art will recognize, the terms stencil and 

screen are generally speaking quite similar to each other. However, the pattern within a 
given stencil generally has larger apertures than the pattern within a given screen. 
Furthermore, a screen typically includes an emulsion layer on both the top and bottom 
surfaces of its pattern. The invention is generally described herein relative to a stencil. 

25 However, those of ordinary skill within the art will appreciate that the invention is equally 
applicable to screens. 

Referring first to FIG. 1, a representative prior art lead-on-chip (LOC) die 110 and 
lead frame 112 are shown. The LOC die 1 10 is thin, flat and generally rectangular in 
shape and includes a die face 1 14, or active side, wherein the integrated circuitry is 
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lead fingers of a lead frame via the adhesive coating on the dies. The dies are ultimately 

encapsulated in a protective package as has been described in conjunction with FIG. 2. 
After encapsulation, the resulting integrated circuit chips are tested for proper 
performance, after which they are ready for inclusion into an electronic device such as a 
5 computer. 

If there are no more wafers to which adhesive needs to be applied, control 
proceeds from step 216 to step 218, and the hot screen printing process is finished. 
Otherwise, the stencil is checked for cleanliness in step 220 by visual inspection. The 
adhesive, when sprayed over the stencil for application onto the wafer, has a tendency to 

1 0 migrate between the stencil and the wafer, and stick to the underside of the stencil. An 
advantage of the inventive stencil described herein is that it does not always require 
cleaning between immediately subsequent uses. Thus, if the stencil is still clean, control 
proceeds from step 220 back to step 210, where it is aligned over a new wafer, and the 
hot screen printing process of FIG. 3 starts over. Otherwise, the stencil is first cleaned in 

1 5 step 222 before the process starts over at 210 with respect to a new wafer. 

Referring next to FIG. 4, a side view illustrating the screen printing method of 
FIG. 3 is shown. In a hot screen printing process, semiconductor wafer 10, which usually 
includes a plurality of semiconductor dies, is coated with a liquid adhesive layer 12 
dispensed from a nozzle 14. A stencil 1 6 having a pattern is situated between the wafer 

20 10 and the nozzle 14 to provide the desired pattern. As shown in FIG. 4, stencil 16 

includes apertures corresponding to the desired adhesive layer pattejn. Only one aperture 
is shown for simplicity and clarity of description and illustration. What is referred to as 
side surfaces of pattern 16 includes, but is not necessarily limited to, the side walls of the 
apertures. 

25 A docketing roller 18 (or blade), moveably mounted for motion across the stencil 

16 as indicated by arrow 20, can be used to aid in the distribution of the adhesive. The 
adhesive is a suitable thermoplastic or thermoset adhesive. Such suitable thermoplastic 
adhesive materials include those sold under the trade name Ablestik XR-041395, 
available from Ablestik, Inc., and which is a polyimide. Such suitable thermoset 
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adhesives include thos sold under the trade name Abies tik 81 76T, also available from 

Ablestik, Inc, and which is a phenolic resin. 

The pattern of stencil 16 has one or more surfaces modified in accordance to an 
embodiment of the invention. For example, it has been found that adhesive tends to 
5 migrate onto the bottom surface of the pattern, between stencil 1 6 and wafer 10, during 
the application process. Therefore, preferably the bottom surface has a coating 24 applied 
thereto to retard running of the adhesive onto the surface. Furthermore, preferably side 
surfaces of the pattern (i.e., between which adhesive 12 is deposited), as well as the top 
surface of the pattern, have a coating (or plating) 26 applied thereto to promote spreading 

10 of the adhesive onto the wafer. . . 

The stencil 16 having its surfaces so coated has an extended life, and therefore can 
be used for consecutive prints without cleaning. Therefore, in an exemplary method of 
the invention, the stencil is aligned over a first semiconductor wafer, adhesive is sprayed 
over the stencil to form a patterned adhesive layer on the wafer, and then the stencil is 

1 5 aligned over a second wafer, and adhesive is sprayed a second time over the stencil to 
form an adhesive layer on the second wafer. The stencil does not require cleaning after 
the spraying of the adhesive over the stencil when it is aligned over the first wafer, and 
before the aligning of the stencil over the second wafer. 

With respect to a preferred construction of pattern 16, the pattern itself is 

20 preferably constructed from metals or metal alloys. One such metal alloy is stainless 
steel Stainless steel stencils are commonly available commercially, (e.g., from Photo 
Stencil, Inc., of Colorado Springs, Colo., and from UTZ Engineering, Inc., of Clifton, 
N.J.). Stainless steel stencils in particular have a surface tension of 1384 dyne/cm at 
melting point 

25 Coating 24 is applied underneath the bottom surface of pattern 16 to retard 

running of the adhesive onto the bottom surface. Preferably, coating 24 has a surface 
tension less than the surface tension of pattern 16. One such coating is 
polytetrafloroethylene, which is a polymeric material available under the trade name 
DuPont Teflon, available from DuPont, Inc. Polytetrafloroethylene has a critical surface 
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tension of 23.9 dyne/cm at room temperature. Other polymers may also be used since 

surface tension of most polymers is one order less than that of metals or ceramics. 
Because its surface tension is markedly less than that of pattern 16, the running property 
of the adhesive onto the bottom surface of pattern 16 is controlled. Pattern 16 is initially 
5 constructed from a metal or metal alloy having a high surface tension to spread the 
adhesive onto the wafer. 

Furthermore, to promote the spreading of the adhesive on the semiconductor 
wafer, plating 26 is applied to at least the side surfaces or the top surface of pattern 16. 
As shown in FIG. 4, plating 26 is applied to both the top surface and the side surfaces of 

10 pattern 16. Plating 26 is a coating having a surface tension greater Jhan the surface 

tension of pattern 16. One such plating is tungsten, which has a surface tension of 2500 
dyne/cm at melting point Other platings having similarly high surface tensions include 
tungsten carbide, and tungsten nitride. Still other platings having high surface tensions 
include nickel and nickel alloy. Because the surface tension of plating 26 is greater than 

1 5 that of pattern 1 6, the spreading of the adhesive onto the semiconductor wafer is 
promoted. 

Those skilled within the art will recognize that the embodiment shown in FIG. 4 is 
only a preferred embodiment of the invention. Other embodiments conforming to the 
basic principles of the invention are also contemplated. For example, a stencil having a 

20 patten with a coating on the bottom surface of the patten to retard running of adhesive 
onto the surface, but not necessarily having a plating or second coaling on the top or side 
surfaces of the pattern to promote spreading of the adhesive onto the semiconductor die, 
is within the scope of the invention- For further example, a stencil having a pattern with a 
plating or coating on at least either the top or side surfaces of the pattern to promote 

25 spreading of adhesive onto the die, but without a coating on the bottom surface of the 

pattern to retard running of the adhesive onto the bottom surface, is also within the scope 
of the invention. 

As has been described, preferably coating 24 has a surface tension less than that of 
pattern 16, and plating 26 has a surface tension greater than that of patten 16. This 
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permits the coating to retard running of the adhesive, and the plating to promote 

spreading of the adhesive onto the semiconductor wafer. The reason why the coating and 
the plating perform these functions in the preferred embodiment is shown by reference to 
FIG. 5(a) and FIG. 5(b). Coating 24, plating 26 as applied to the top surface of the 
5 pattern, and pattern 16, can be referred to as separate layers of the semiconductor die 
stencil shown in FIG. 4. 

Referring first to FIG. 5(a), surface 28 is a surface having a high surface tension, 
such as that of plating 26 of FIG. 4. Because the surface tension is high, surface 28 tends 
to pull adhesive 30 across the entire surface. The greater the surface tension, the more the 

1 0 adhesive 30 is spread across surface 28. Therefore, while pattern 16 of FIG. 4 preferably 
has a sufficient high surface tension (1384 dyne/cm) to spread the adhesive, the addition 
of plating 26, which has an even greater surface tension (2500 dynefcm), promotes the 
spreading of the adhesive even more. 

Referring next to FIG. 5(b), surface 32 is a surface having a low surface tension, 

15 such as that of coating 24 of FIG. 4. Because the surface tension is low, surface 32 does 
not tend to pull adhesive 34 across the entire surface. The adhesive remains where it first 
is located, and does not migrate or run across the surface. The lower the surface tension, 
the less the adhesive 34 tends to be pulled across surface 32. Thus, because preferably 
coating 24 of FIG. 4 has a much lower surface tension than pattern 16 (23.9 dyne/cm 

20 compared to 1384 dyne/cm), when the adhesive reaches an edge of coating 24, coating 24 
retards the adhesive from running or migrating any further. % 

s A surface-modified stencil has been described. Although specific embodiments 
have been illustrated and described herein, it will be appreciated by those of ordinary skill 
in the art that any arrangement which is calculated to achieve the same purpose may be 

25 substituted for the specific embodiments shown. This application is intended to cover 
any adaptations or variations of the present invention. Furthermore, while the invention 
has been described specifically in the context of the application of adhesive to a 
semiconductor die, the invention is not limited to such an end use, and the invention is 
amenable to other semiconductor and non-semiconductor uses as well. Therefore, it is 
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manifestly intended that this invention be limited only by the following claims and 
equivalents thereof. 
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